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1. INTRODUCTION 

Lately, the use of renewable energies (i.e., wind and solar photovoltaic) to increase in an incredible 
way thanks to the scarcity of combustibles. Wind energy is supposed to be the best in terms of quality and 
price. 

There are several research studies about the wind turbine. In particular, the ones with asynchronous 
generators. Although, they have a low cost and simple maintenance as advantage but, they require more 
expensive equipment and complex control. Therefore, in the recent years, the Wind turbine System moved 
towards the permanent magnet synchronous generator (PMSM) machine which has higher quality and larger 
power density. Furthermore, the permanent magnet synchronous generator (PMSG) reduces the mechanical 
stress by removing the necessity of the multiplicator which improves the system’s reliability and decreases 
the maintenance costs by directly coupling the turbine and the shafts of the generator [1]-[16]. 

Due to the high variability of the speed, it’s difficult to get satisfactory systems of wind turbine 
system. Recently, this latter is grab to extract the maximum power point (MPP) from the wind speed, which 
represent the maximum power point tracking (MPPT) strategy. Different methods have been his goal is to fix 
operating point of maximum efficiency. The most widespread control strategy is the optimum power/torque 
tracking, where the use of the PI controller. This technique alone doesn’t realize a better performance. Hence, 
there are also other control strategies such as the backstepping and direct power control (DPC) [2]. 

This work is repatriated as: section 2 presents the description of the wind system (turbine, PMSG, 
inverter, DC-bus, and filter). Section 3 discusses the principle of operation of the sliding mode command as 
well as its application on our system. Section 4 shows and interprets the results of the simulation. Finally, a 
conclusion. 
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2. MODELLING OF WIND TURBINS 
The system to control in this work is a PMSG-based wind system. Figure 1 presents the different 
components of the system [3]-[17]. 
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Figure 1. SMC Control for the WECS 


2.1. The model of wind turbine 
The model of wind turbine is [4]: 
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Aopt Optimal specific speed. 
With: 
Pur, the output power. 
Trur_opt the optimal turbine torque. 
Ttur, the turbine torque. 
Cp, the power coefficient. 


S, the blade swept area. 
R, the radius of the blade. 
p, air density. 


2.2. The model of PSPMG 
The PMSM equations are presented as following [5]: 
e Stator voltages: 
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dp 
Vsa = Rs. Isa + aa Or -Pa 


dwg 
dt 


(7) 


Veg = Rs Isg + —L+ o -Ya 


e Stator flux: 


W, = La-la + Py 
(8) 


p, = Lala 


From (7) and (8) the stator voltages can be written as [6]-[18]: 


Vea = Rs. lq + La dt 





— Oy, wg lq 


(9) 


d 





I 
Vsa = Rs. Ísq + Lg A + wr . La. lsa + wr . Pp 


d 
The electromagnetic torque is defined: 


dQ 
La Lee =. Je. 


Tem = =-P [(La — bq) Isa -Isq + Isą - Ps] 


(10) 


The power for PMSM is: 


3 
Pren = Vsalsa + Voqlsql 


: (11) 
Qgen m [Valsa — aia 
2.3. Model of converters 
To connect the generator which undergoes a variable speed with the network, it is necessary to go 
through a stage of power electronics in order to control the power injected. we use 2 RSC and GSC 
conversion stages, converters which consists of IGBTs as shown in Figure 2 [7]-[19]. 





Figure 2. Converter Model 
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s=| _ „S =a,b,c (12) 
—1,S = +I 


The input voltages between phases of the converter can be described by: 
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Uag = Vao — Veo 
Usc = Veo — Veo (13) 
Uca = Veo — Vao 





At the load level, the simple voltages are expressed by: 
Uas = Va— Vg 
[s = VW- Ve (14) 
Uca = Ve — Va 


We can deduce the matrix form of the simple tensions: 

















Va : 2 —1 -1][VYao 
Vg =a —1 2  —1||Vso (15) 
Ve —1 -1 2llVco 
Vao ; SA 
With [vro] = “1s, (16) 
Vco Sc 
VA P 2 =f =T 
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Ve —1 -1 2 418¢ 


2.4. Model of DC bus 
The DC bus allows the transfer of power between two different frequency sources; it is used to 
connect the two converters of the wind system to each other as shown in Figure 3 [8]-[20]. 


Bus-DC 





Figure 3. DC-Bus Model 


The equations for the DC bus are: 


1 
Wac = f Pp.dt ==.C.Vz, 


AVG. 
~ “(Py ~ Pr) 


2.5. Model of RL filter: 
The currents passed between the converter and the grid is imposed by the coils constituting the low 
pass filter [9]-[25]. The three-phase voltages across the filter are: 


(18) 














Vey ifi ; ler | Ws 
Vf2| = Rp. | Yr2 + Ly lf2 | + |Ys2 (19) 
Vf3 Les Les Vs3 


The filter model is given by: 
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dI 
— dlaf 
Vaf = —Ry. lyf — D Er Ws. Lr. laf + Vs 


P; = Vae. lae + Vor. l 
o df: laf af: af (21) 


Qf = Var-lag — Vor-lor 


3. SLIDING MODE CONTROL STRATEGY 
The advantages of SMC control are significant and multiple, a better precision, a very fast response 

time low and in particular robustness [10]-[22]. The SMC control is a robust method that has the strength to 
keep the uncertain systems performance, in various theorical and industrial applications, stable. The SMC 
controller is designed to systematically take into consideration the stability and the performance problems. 
This method is divided into three steps: 

e Selecting the sliding surface. 

e Defining the convergence conditions based on Lyapunov functions. 

e Determining the strategy of the control. 


3.1. Sliding surface 
The basic function for choosing the sliding surface is [11]-[24]: 


S(x,t) = (Š + ay? e(t) (22) 


With, 
e(t) : the error in the output state e(t) = Xref (t) — x(t). 
À : a positive coefficient. 
n : the nt"order system. Where for n = 1, S(x, t) = e(t). 


3.2. The convergence conditions: 
The equation of Lyapunov defines the convergence conditions. 


S(x). S(x) < 0 (23) 
The validation of this equation, explains that the 2 sizes converge towards the same surface. 


3.3. The controller design: 
The controller structure entails two parts [23]: 


u(t) = Ueq (t) + uy (Ct) (24) 


Ueq (t) equivalent part of the controller, calculate from system behavior S(x) = 0. 
uy (t) is used to validate the convergence condition S(x). S(x) < 0, it is defined by the sign of the surface. 


Uy(t) = K sgn(S(x)) (25) 
where: 
1 S(x) >0 
sgn(S(x)) = 4 0 S(x) =0 (26) 
—1 S(x) <0 


4. THE SLIDING MODE APPLIED ON PSGM 
The SMC created based on the mathematical model of the PSGM. For the order system n=1, the 
manifold equations can be presented as [12]: 
S(Q.) = e(Q) = Over — 0. 
SUas) = eUas) = lasrer — las (27) 
S(Iqs) = e(Iqs) = losre¢ T las 
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4.1. The direct stator current controller 
The controller design of the direct current is defined as [13]: 


a — Isa (28) 
3 : R L 1 
SUsa) = Nsdreg + da P-O. Tolsa — 7, sd (29) 
The control voltage Voq_, ris obtained by: 
Vsdref = Vsdeq + Vsdy (30) 
e R E 
Vedeq = La |İsdres + apa Ta (31) 
Vsay = Ka sgn(S(sa)) with Kg > 0. (32) 


4.2. The Quadrature stator current controller 
The controller design of the quadrature current is defined as following [14]: 


SUsq) = Isares 7 Isq (33) 
_ Rs La CEUS O S 
S lig) a L lsa + POT Isa +i Op — 7 Veg (34) 
The control voltage Vsq,o ris obtained by: 
Varef = Vsaeq + Van (35) 
= I Rs La p.0 
Vsdeq = Lg steep + EE tog + DOT sa Eoo (36) 
Veay = Kq Sgn (S(lsq)) with K; > 0. (37) 
4.3. Speed regulator 
The following equations present the sliding surface and its derivative [15]-[26]: 
e(Q) = ref -Q0 (38) 
: uf F 3p F Cr 
S(Q.) = rer — 7 a= ay las + (39) 
The control voltage Isq__, ris obtained by: 
lasrep = laseq T lasy (40) 
m7 ee | Fos 
qse = Gps [rer +504 =| (41) 
lasy = Ko sgn(S(Q)) with Ko > 0. (42) 


5. SIMULATION & RESULTS 
The SMC design of the PMSG based WECS (Figure 4) was simulated under the MATLAB- 
Simulink environment. The sampling frequency chosen is 10 kHz. 
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Figure 4. Sliding Mode Control for the WECS in Matlab&Simulink 


In order to approach reality and test the performance of the systems (tracking and robustness), we 


chose a random wind profile using the MPPT technique. Figure 5 and Figure 6 presents the realization of the 
SMC block on Matlab simulink, for the regulation of the power Ps and Qs 
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Figure 5. SMC control of the Generator Side Converter (Model Matlab) 
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Figure 6. SMC control of the Grid Side Converter (Model Matlab) 


5.1. Tracking test 


The objective of this test is to verify the continued performance of the wind power system for a 
constant wind speed, by applying the sliding mode control 
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Figure 7. Follow-up tests, (a) Wind speed reference, (b) Mechanical Speed, (c) d-q stator current, 
(d) abc stator current 


Figure 7(a) shows the wind speed (steps) with which the wind system is attacked. Figure 7(b) shows 
the evolution of the mechanical speed at the outlet of the turbine, it follows the reference well. The stator 
currents in the two fields (dq and abc) presented in Figure 7(c) and Figuer 7(d) are of very good quality, with 
a sinusoidal shape and a THD of less than 5%. 
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Figure 8. Results of the SMC control of the GPSM for fixed wind speed, (a) Zoom for abc stator current, 
(b) Reactive Power, (c) Active Power, (d) Zoom for Active Power 
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The frequency of the current generated by the wind power system at a frequency of 50Hz, which 
allows good injection into the electrical network (Figure 8 (a)). The monitoring of the active power Ps and 
reactive power Qs references of the wind power system is very well done (Figure 8(b) and 8(c)) which 
validates our approach in this test. 


5.2. Performance for a variable wind speed reference 
Figure 9 shows the reference wind speed, in this section a variable speed is used to check the 
robustness of the system. 
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Figure 9. (a) wind speed reference, (b) Mechanical Speed 


Figure. 10 shows the performance of the wind power system during the application of a control by 
sliding mode. The active and reactive powers follow the refrence well. The stator currents are in good shape 
and shown in Figure 10(a) and Figure 10(b). 
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Figure 10. Results of the control by sliding mode of the GPSM for variable wind speed, (a) d-q stator current, 
(b) abc stator current, (c) Active Power, (d) Reactive Power 
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6. CONCLUSION 

In this work, we are interested in the control of a wind power system based on GMSM. The use of a 
control strategy in Sliding Mode which is based on the lyapunov technique is very interesting and the 
performances obtained are markedly improved. The proposed model has been tested by simulation for a fixed 
and variable wind speed; tracking and robustness tests have been verified. The wind system performance is 
very much improved compared to other techniques. 
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